Measurements of the electron-spin-resonance properties of Si:P with dopant concentration of n =2.05 X 10'8 cm 3 (somewhat below the metal-insulating transition) at low temperatures (0.035 to 4.2 K) and low frequencies (11. 5 -58.2 MHz) are reported. They show a substantial deviation from Curie-law behavior for the susceptibility, in agreement with previous static experiments. An internal field is observed to develop as the temperature is lowered. At 35 mK, the internal field has a magnitude of 2.1 Ge and is directed opposite to the externally applied field. The buildup of the internal field is accompanied by an increase in the resonance linewidth. Both the linewidth and the internal. field can be fitted with a power-law divergence that suggests critical behavior relative to a phase transition at zero temperature. At all temperatures investigated the relaxation time of the magnetization is observed to be less than 1 ms, and is interpreted as relaxation of the Zeeman reservoii'to the exchange reservoir.
On the other hand, they are different, as the microscopic spin-spin interaction in an amorphous antiferromagnet is purely antiferromagnetic, whereas in a spin-glass, the interaction among the spins has both signs, i.e. , both ferromagnetic and antiferromagnetic.
In comparison with the REHAC, the amorphous antiferromagnct 1s slnlllar 111 that both llavc plllcly antlfcrromagnctlc exchange, but they are different because the REHAC is one dimensional, whereas the amorphous antiferromagnet is three dimensional. The one dimensionality of the the REHAC means that frustration does not occur to affect its properties. On There is independent evidence that the effects just described are properties of the sample, and not artifacts of the apparatus or the way the experiments were done. The first evidence is that on the same run as that used for the Si:P measurements, identical measurements were made on a sample of undoped trans-(CH)"using the same spectrometer, similar operating frequencies, similar power settings, and similar settings of the dilution refrigerator.
The trans-(CH)"sample had a similar coil wound about it and was located in the same orientation about 3 mm away from the Si:P sample. Under these conditions, the applied field at one sample was the same as at the other. Since the trans-(CH)"sample showed a g =2 resonance and a temperature-independent linewidth over the entire tern- 
B. ESR linewidth and line shape
Another important feature which emerges from our experiments is the large increase in the ESR linewidth with decreasing temperature (Fig. 4) . Unlike 5H~, which is nearly independent of Ho (Figs. 2 and 3) , bH, &z has a substantial dependence on it (Fig. 4) A consequence of this many-body aspect of the narrowing is that the observed width appears to be too large for a narrowed hyperfine line. This follows from the simple statistical result that an electron which rapidly samples the hyperfine interaction with N nuclei will have a hyperfine-related resonance linewidth that is the basic hyperfine splitting reduced by the factor N '~. The sampling can occur because of rapid hopping among donor sites, or because of rapid spin flips generated by the exchange interaction among the electrons.
If N is large, as argued above, then the linewidth contributed by the hyperfine interaction must be small compared to the isolated donor splitting. This splitting is +21 Oe at high fields in Si:P, but it is only about +2 Oe at the highest frequency used in our experiments. This low-field regime is shown in Fig. 9 , where the Breit-Rabi diagram using the parameters of Si:P appears. ' Although we expect that comparison should be made with the smaller value, to our knowledge the theory of this narrowing has not yet been workrxl out for the-random antiferromagnet, and we can not rule out the need to compare 60~~2 with the larger figure. The data at 58.2 MHz in Fig. 4 indicate that i&2 exceeds 10 Oe, and suggests it increases rapidly as T is decreased. Thus, we believe that the linewidth is due, at least in part, to interactions other than the hyperfine interaction with the donor nucleus in Si:P. This conclusion is some~hat tentative, as the divergence at the lowest temperatures is not yet sufficiently well established by the data. It is important for this question to obtain more measurements, and to carry them to lower temperatures and higher fields. From Fig. 7 it is evident that measurements down to 10 mK would bring~, to the upper limit of the hyperfine interaction corresponding to one electron and one donor nucleus.
Another point to be discussed is the increase in EH, &2 which occurs as the temperature is lowered. According to the usual model of an exchange-narrowed line, b, Kig2 =co, (y, a), ) (2) where co, is the frequency of the interaction to be narrowed, y, is the electron gyromagnetic ratio, and co, is the exchange frequency.
In the random exchange system represented by Si:P, it is difficult to assign parameters to co, and co, . 
